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Fused tetracyclic systems containing a quinoline nucleus represent an important class of heterocyclic
bioactive natural products and pharmaceuticals because of their significant and wide-spectrum
biological properties. Several of these compounds have been obtained with diverse pharmacological
and biological activities, such as antiplasmodial, antifungal, antibacterial, potent antiparasitic,
antiproliferative, anti-tumor and anti-inflammatory activities. This information will be beneficial for
medicinal chemists in the field of drug discovery to design and synthesize new fused tetracyclic
quinolines as potent therapeutical agents. This review article provides a comprehensive report
regarding the methods developed for the synthesis of fused tetracyclic quinolines reported so far
(till October 2019). The article includes synthesis by one-pot domino reaction, microwave synthesis
using a catalyst, using ionic liquids, photocatalytic synthesis (UV radiation), Pfitzinger reaction, I,-
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reaction, cascade reaction,

Friedel-Crafts reaction, CDC reaction, solvent-free reactions and using small chiral organic

DOI: 10.1039/d0ra02786¢ molecules as catalysts. To the best of our knowledge, this is the first review focused on the
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1. Introduction

Quinoline, a well known heterocyclic compound, itself has few
applications in chemical domains, but many of its derivatives
are useful in diverse applications including pharmaceuticals,
agrochemicals, materials and dyestuffs. Today they are avail-
able as drugs. The prominent ones are the fluoroquinolone
antibiotics (Ciprofloxacin and its analogs), antimalarials
(Quinine, Chloroquine, Quinidine, Mefloquine, Primaquine,
Amodiaquinine), antibacterials (Sparfloxacin, Gatifloxacin),
a cholesterol lowering agent (Pitavastatin), an antiviral agent
(Saquinavir), an anthelmintic agent (Oxamniquine), an anti-
fungal-antiprotozoal agent (Clioquinol), a local anesthetic
(Dibucaine), an antiretroviral agent (Saquinavir), an anti-
asthmatic (Montelukast), antipsychotics (Aripiprazole, Brex-
piprazole), an anti-TB agent (Bedaquiline), anticancer agents
(Camptothecin, Irinotecan, Topotecan), antiglaucoma (Car-
tiolol) and cardiotonic (Vesnarinone) agents, protein kinase
inhibitors (Lenvatinib, Bosutinib and Cabozantinib), and
a farnesyl transferase inhibitor for leukemia (Tipifarnib).
Moreover, several quinolines have been reported to display
various useful biological and pharmacological activities as
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synthesis of fused tetracyclic quinolines along with mechanistic aspects.

antiinflammatory agents,"” antipsychotics,® antiprotozoals,*”®
antituberculosis agents,'*** anti-Alzheimers agents,'® anti-
HIV  agents,"'®  antiasthmatics,”” potent melanin-
concentrating hormone 1 receptor (MCH1R) antagonists,'®>*
antioxidants,* antivirals,* antifungals,*>*® Src kinase inhibi-
tors,” antihypertensive agents,”® anti-microbials,?**" antibi-
otics,*” tyrokinase PDGF-RTK inhibiting agents,*® agents for
treatment of lupus®*** and neurodegenerative diseases®® and
efflux pump inhibitors.?”

Fused tetracyclic systems containing a quinoline moiety are
an important class of organic molecules since many of them
exhibit excellent biological activities. They have been well
established to be useful as potent topoisomerase I and II
inhibitor, antifungal, antiplasmodial, antibacterial, potent
antiparasitic, antiproliferative, anti-inflammatory and anti-
tumor agents.*®** In addition, mappicine ketone, as fused
quinoline natural product, is an antiviral lead compound with
selective activities against herpes viruses HSV-1 and HSV-2 and
human cytomegalovirus (HCMV).** A fused quinoline alkaloids
cryptolepine, neocryptolepine, and isocryptolepine are antima-
larial natural products having cytotoxic activities.*>*® The
chemical structures of these natural products are shown in
Fig. 1.

Due to their tremendous pharmacological and biological
importance, chemists have developed a large number of
protocols for the synthesis of fused tetracyclic systems
comprising quinoline nucleus, to the best of our knowledge,
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Fig. 1 Structures of natural products containing quinoline ring.

this has never been reviewed. The present review article
provides, for the first time, a comprehensive compilation of
synthetic methods on the synthesis of these tetracyclic ring
systems, as a significant family in the field of organic
chemistry.
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2. Synthesis of tetracyclic quinolines

2.1. Tetracyclic quinolines with one heteroatom

2.1.1. Isoindolo[2,1-a]quinolines. A novel series of tetracy-
clic isoindolo[2,1-a]quinoline-5,11-dione derivatives 3 have
been synthesized and evaluated as potent inhibitors of human
topoisomerase-II and DNA-gyrase by Sui et al.*” On heating 2-
aminoacetophenones 1 with phthalic anhydrides 2 at reflux in
xylene in the presence of TEA, as a base catalyst, the tetracyclic
products 3 were obtained in 35-74% yields (Scheme 1). Only in
one case the imide intermediate 5 was isolated. The isolation of
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Scheme 1 Synthesis of isoindolo[2,1-alquinoline-5,11-diones 3.

5 confirmed that imide formation occurs prior to intra-
molecular cyclization of the amide in 4 to form the quinoline
nucleous (Scheme 1).

The synthetic method to tetracyclic 3-substituted-6,6a-dihy-
droisoindolo[2,1-a]quinoline-5,11-diones 10 is outlined in
Scheme 2.** Reduction of 2-arylisoindolo-1,3(2H)-diones 6 with
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sodium borohydride (NaBH,) in THF/MeOH at 0-5 °C produced
2-aryl-3-hydroxy-isoindolin-1-ones 7, which converted into 2-
aryl-3-oxo-isoindole-1-acetic acids 8 by a Wittig reaction and
subsequent hydrolysis. Treatment 8 with thionyl chloride at
70 °C gave the corresponding 2-aryl-3-oxo-isoindole-1-acetyl
chlorides 9, which underwent an intramolecular Friedel-
Crafts reaction in 1,2-dichloroethane with AICl; as a catalyst to
give the desired isoindolo[2,1-a]quinolines 10. These synthe-
sized products exhibited a protective effect against N,-induced
hypoxia.

In 1994, Kumar and coworkers® have reported an efficient
synthesis of isoindolo[2,1-a]quinoline-5,11-dione (16) via the
reaction of 2-(1,3-dioxoisoindolin-2-yl)benzoic acid (11) with N-
phenyl(triphenylphosphoranylidine)ethenimine (12) (Scheme 3).
When a mixture of 11 and 12 was refluxed in toluene or dioxane,
the desired isoindolo[2,1-a]quinoline-5,11-dione (16) was ob-
tained in 97% yields. The time of reaction was not reported. The
plausible mechanism of this reaction includes the initial
protonation of N-phenyl(triphenylphosphoranylidine)ethenimine
(12) by 11 to give the O-acyl-imidate 13. Then, a migration of the
ester C=0 group from oxygen to C-7 led to the formation of the
intermediate 14, which eliminates a molecule of phenyl isocya-
nate to afford the acylphosphorane 15. Subsequent cyclization of
15 via the intramolecular Wittig reaction on the imide C=0 gave
the tetracyclic product 16 (Scheme 3).

In 1997, Kim and Keum®® developed another method for the
synthesis of isoindolo[2,1-a]quinolines 16 utilizing 2-(2-

RSC Adv, 2020, 10, 19867-19935 | 19869
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Scheme 2 The synthetic route to tetracyclic isoindolo[2,1-alquinolines 10.

O PhsP=C=C=N-Ph
12

PhMe or dioxane

1 ©  cooH

16 (97% yield)

13 14

- PhNCO

- OPPh; o

Scheme 3 An efficient synthesis of isoindolo[2,1-alquinolines 16 from 11.

acetylphenyl)isoindoline-1,3-dione (17) as starting material.
When 17 was heated in DMF in the presence of a catalytic
amount of K,CO; at 80-90 °C, it underwent intramolecular
cyclization to produce the 2-(4-oxo-1,4-dihydro-quinolin-2-yl)
benzoic acid (18), in 74% yield. Refluxing 18 with trimethyl
orthoformate in MeOH in the presence of H,SO, as an acidic
catalyst gave a mixture of methyl 2-(4-oxo-1,4-dihydroquinolin-
2-yl)benzoate (19) (17% yield) and tetracyclic isoindolo[2,1-a]
quinoline-5,11-dione (16) (79% yield). On the other hand,

19870 | RSC Adv, 2020, 10, 19867-19935

when 19 was treated with K,CO3 in DMF at room temperature, it
was converted quantitatively into the desired product 16
(Scheme 4).

A novel route for the synthesis of 6a-methyl-5-substituted-
isoindolo[2,1-a]quinoline-11(6aH)-ones 22 has been developed
utilizing N-aryl-phthalimides 20 as the key precursors.®® The
reaction of 20 with sodium borohydride in dry MeOH at 10 °C or
the Grignard reagent (MeMg]) in dry ether afforded the corre-
sponding alcohols 21. When compounds 21 (R; = CHj3) were

This journal is © The Royal Society of Chemistry 2020
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Scheme 4 Synthesis of isoindolo[2,1-alquinolines 16 from 17.

H,C.

0o NaBH, / MeOH

20

22A, R = CH3 (93% yield)
R = Ph, (91% yield)

or MeMgl / Et,O

R1=H

isomerisation

View Article Online

RSC Advances

refluxed in toluene in the presence of p-toluene-sulfonic acid
(TsOH), as catalyst, they underwent intramolecular ring closure
to the isoindolo[2,1-a]quinolines 22 (Scheme 5). In case of 21
(R; = H), the isoindoloquinolines 22 were obtained which were
rapidly isomerized, under these reaction conditions, to give the
stable enamides 22A, namely, 5-substituted-isoindolo[2,1-a]
quinolin-11(5H)-ones.

Heating a neat mixture of phthalimide (23) with ethyl bro-
mobenzoylacetate (24) in the presence of Cu(i) oxide at 100 °C
produced the 2-acetylphenylphthalimide (17) as the major
product (27% yield), via the coupling reaction followed by the
deethoxycarbonylation process, along with isoindolo[2,1-a]
quinoline-5,11-dione (25) (7% yield) which formed via the
coupling reaction followed by the deethoxycarbonylation and
intramolecular cyclo-dehydration process, and ethyl 5,11-dioxo-
5,11-dihydroisoindolo[2,1-a]quinoline-6-carboxylate (26) (20%
yield) (Scheme 6). The product 26 was assumed to be formed
through the coupling reaction followed by a thermal cyclo-
dehydration reaction.*

H,C

R
OH

Ry
N

o
21 (R = CHj3, Ph; R; = H, CHj)

PhMe / TsOH
reflux 4 h

22a, R = R1 = CHj; (95% yield)
b, R = Ph, Ry = CH3 (93% yield)

Scheme 5 Synthesis of isoindolo[2,1-alquinolines 22 from phthalimides 20.

0
NH o
Y Me
z Cu,0 O
+ _— N +

100°C

COOEt overnight @)
17 (27% yield)
B

r
24

25 (7% yield)

26 (20% yield)

Scheme 6 Synthesis of 5,11-dihydroisoindolo[2,1-alquinoline-5,11-diones 25 and 26.

This journal is © The Royal Society of Chemistry 2020
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Scheme 7 Synthesis of 11-benzoyl-8,10-dinitroisoindolo[2,1-alquinoline (30).

A simple route for the synthesis of 11-benzoyl-8,10-dini-
troisoindolo[2,1-a]quinoline (30) has been reported by Reusch-
ling and Krohnke.*> Reacting N-phenacylquinolinium bromide
(27) with picryl chloride (28) at room temperature, under basic
conditions, afforded the respective tetracyclic product 30 in low
yield (27%), via intermediacy 29 (Scheme 7).

Alkhathlan and his group®® have described the synthesis of 6-
azido-isoindolo[2,1-a]quinoline,11-diones 34. On reacting 2-
aminoacetophenone (31) with phthalic anhydride derivatives 2
in xylene in the presence of a catalytic amount of Et;N under
reflux for 5 h, 2-(2-acetylphenyl)-isoindolo-1,3-diones 32 were
obtained. Bromination of 32 with CuBr, in a EtOAc/CHCl;
mixture under reflux for 5 h gave the corresponding bromo

derivatives 33. When the bromo compounds 33 were heated
with sodium azide in a mixture of acetone/H,O at 65 °C for 2 h,
they underwent intramolecular cyclocondensation to furnish
directly the new tetracyclic ring system 34 in 42-76% yields
(Scheme 8). Attempts to isolate the azido analogs of 34 by
conducting the reaction at different reaction conditions were
failed.

In 2009, Zhang et al.>* have described as the first one-pot
synthesis of isoindolo[2,1-a]quinolin-11-ones 36 by reacting 2-
aryl-3-hydroxy-isoindol-1-ones 7 with 1,3-dicarbonyls 35 via
coupling of N-acyliminium ion intermediates 37 with 35 fol-
lowed by intramolecular Friedel-Crafts reaction catalyzed by
H;PO,-P,05 or H;PO,-H,SO,. Reactions were carried out by

O CH3
o Ri o) R4
CHs Rz Xylene / TEA Ro
+ 0 —_— N
NH2 R3 reflux 5h R3
o o
31 2 Ra 32 Ra
CuBr,
EtOAc / CHCI,
reflux 5 h
0 Br
(0] fe) R4
NaN3 Ro
N
acetone / H,O Rs
Re  e5°C/2h © .5 R
Ry Rs
34 (42-76% yields)
M| R R R3 R4
a H H H H
b NO, H H H
c H NO, H H
d Cl Cl Cl Cl

Scheme 8 Synthesis of 6-azido-isoindolo[2,1-alquinoline-5,11-diones 34.
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36 R4 R2
a H Me OEt
b Me Me OEt
c (¢]] Me OEt
d MeO Me OEt
e H Me Me
f Me Me Me
g H Ph Me
h Me Ph Me
i Cl Ph Me

Scheme 9 One-pot synthesis of isoindolo[2,1-alquinolin-11-ones 36 by reacting 7 with 35.

Scheme 10 A plausible mechanism for the formation of isoindolo[2,1-alquinolin-11-ones 36.

stirring 7 with 35 under the catalysis of H;PO,-P,05 or H;PO,—
H,SO, at room temperature for 6-24 h to give the desired iso-
indolo[2,1-a]quinoline-11-ones 36 in 45-93% yields (Scheme 9).
The structures of all the newly synthesized compounds were
fully characterized by '"H NMR, >C NMR, and MS. Furthermore,
X-ray crystallographic analysis was performed to determine the
absolute configuration of the products 36. A plausible mecha-
nism for the formation of 36 is given in Scheme 10. The reaction
was initiated by the formation of an N-acyliminium interme-
diate 37 which was reacted with 35 to give the intermediate 38.
Intramolecular Friedel-Crafts reaction between the protected
aniline and the ketone gave the desired tetracyclic product 36.

In 2011, Svete and his co-workers® reported that the treat-
ment of 2-(2-acetylphenyl)-1H-isoindole-1,3(2H)-dione (17) with
N,N-dimethylformamide dimethyl acetal (DMF-DMA) in reflux-
ing toluene resulted in the formation of the isoindolo[2,1-a]

This journal is © The Royal Society of Chemistry 2020

quinoline-5,11-dione (16) in 93% yield (Scheme 11). The
mechanism of this reaction began with the formation of
enaminone 40, which next underwent intramolecular cycliza-
tion to give the intermediate 41. The formed adduct 41 was
subsequently underwent B-elimination of DMF and H,O to
furnish the desired tetracyclic 16 (Scheme 11).

Sakhautdinov et al.>® have described the synthesis of iso-
indolo[2,1-a]quinoline-5,11-diones 45 via intramolecular cycli-
zation of N-[2-(triphenyl-A*>-phosphanylidene)acetyl]-
phthalimides 44 under microwave-heating. Refluxing
a mixture of o-phthalimidobenzoic acid (11) and SOCI, in dry
benzene for 3 h afforded the corresponding acid chlorides
intermediate 43, and the latter was reacted in situ with alkyli-
denephosphorane (2 equiv.) to give keto-stabilized phosphorus
ylides 44. The compounds 44 when heated in dry toluene in the
presence of a catalytic amount of benzoic acid (5 mol%) at reflux

RSC Adv, 2020, 10, 19867-19935 | 19873
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Scheme 11 Synthesis of isoindolo[2,1-alquinoline-5,11-dione (16).

temperature under argon atmosphere for 56 h, they underwent
intramolecular cyclization to afford the tetracyclic products 45
in low yields (15-27% yields). Interestingly, it was observed that
use of microwave irradiation gave much faster reaction and
improved the yields, thereby allowing rapid access to this class
of compounds 45. Thus, the ylides 44 when heated in dry
toluene for 30 min under microwaves, they underwent intra-
molecular cyclization followed by elimination of a triphenyl-
phosphine oxide (O=PPh;) molecule to afford tetracyclic
isoindolo[2,1-a]quinoline-5,11-diones 45, in good yields
(Scheme 12). However, one drawback of this methodology is
electron-acceptor substituents on the ylide carbon atom
hamper the intramolecular cyclization process.

In 2014, Fu et al® have described a new and efficient
synthesis of 2-chloro-isoindolo[2,1-a]quinoline-5(11H)-one (47)
through the intramolecular Heck coupling cyclization of 1-(2-
bromobenzyl)-7-chloroquinolin-4(1H)-one (46). The reaction

O (6]
SOCI, / benzene
N N
reflux 3 h
11 O COOH O cocl
43
RCH=PPh3
(2 equiv.)
Mw / 750 W

Toluene / 30 min.
- O=PPh;

0

oo

44 PPhs
R

Scheme 12 Microwave-assisted synthesis of isoindolo[2,1-alquino-
line-5,11-diones 45.

45a, R = H (58% yield)
b, R = CHj; (81% yield)

19874 | RSC Adv,, 2020, 10, 19867-19935

was carried out by heating 46 (1 equiv.) with AcOK (2 equiv.) as
the base and PdBr, (0.05 equiv.) as the catalyst in DMA at 90 °C
under N, atmosphere for 12 h to provide the tetracyclic product
47 in 62% yield (Scheme 13). Noticeably, a definite mechanism
for the synthesis of compound 47 has not been reported.

2.1.2. Indino[1,2-b]quinolines. Recently, Mishra et al.*®
have developed an eco-friendly, metal-free and TBHP-promoted
economical method for the synthesis of 11H-indeno[1,2-b]
quinolin-11-ones 49, as antibacterial agent. The reactions
were carried out by heating a solution of 2-aryl-quinoline-3-
carbaldehyde derivatives 48 (1 equiv.) and tert-butyl hydroper-
oxide (TBHP) (3 equiv.) in toluene at 100 °C for 14-24 h and
furnished the desired tetracyclic indenoquinolinones 49 in 68—
91% yields (Scheme 14). Depending on product formation, they
suggested the free radical mechanism of this reaction in
Scheme 15.

An interesting utility of Pfitzinger reaction for construction
of tetracyclic quinolines has been reported by Deady et al.>® This
protocol implies Pfitzinger reaction of isatin-7-carboxylic acids
50 and 1-indanones 51 to prepare analogues of the topoisom-
erase inhibitor 11-ox0-11H-indeno[1,2-b]quinoline-6-
carboamides 56. The one-pot reaction between 50 and 51 in
NaOH (10%) at 90 °C under nitrogen atmosphere afforded tet-
racyclic 11H-indeno-[1,2-b]quinoline-6,10-dicarboxylic acids 52,
in 64-78% yields. Selective decarboxylation of 52, followed by
oxidation of CH, group in 53 with KMnO, produced 11-oxo-11H-

(0]
0
Cl N Br

Scheme 13 Synthesis of 2-chloro-isoindolo[2,1-alquinoline-5(11H)-
one (47) via intramolecular Heck coupling cyclization of 46.

AcOK (2 equiv.)
PPdBr; (0.05 equiv.)

DMA /90°C/12h
N, atmosphere

47 (62% vyield)
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Scheme 14 Synthesis of indenoll1,2-b]quinolin-11-ones 49 via intramolecular CDC reaction.
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Scheme 15 Proposed mechanism for the formation of indeno[1,2-b]
quinolin-11-ones 49 via intramolecular CDC reaction.

indeno-[1,2-b]quinoline-6-carboxylic acids 54, in 15-79% yields.
Refluxing 54 with 1,1’-carbonyl-diimidazole (CDI) in dioxan
gave the corresponding imidazolide intermediate 55, which was
coupled, in situ, with N,N-dimethylethylenediamine in CH,Cl,
at room temperature to give the required tetracyclic 11-oxo-11H-
indeno[1,2-b]quinoline-6-carboxamides 56, in 31-90% yields
(Scheme 16).

2.1.3. Indino[1,2-c|quinolines. Tseng et al® reported
synthesis and antiproliferative evaluation of some 6-amino-
11H-indeno[1,2-c]quinolin-11-ones 61 from reaction of isatin
(57) with substituted phenylacetic acids 58. Heating a mixture of
57 and 58 in the presence of a catalytic amount of CH;CO,Na at

This journal is © The Royal Society of Chemistry 2020

200 °C produced 3-aryl-2-hydroxy-quinoline-4-carboxylic acid
derivatives 59, which were chlorinated with POCI; at 150 °C to
give 6-chloro-indeno[1,2-c]quinoline-11-ones 60, in 88-91%
yields. On heating 60 with cyclic secondary amines in ethox-
yethanol at 200 °C, the corresponding 6-amino-indeno[1,2-c]
quinoline-11-ones 61 were obtained in 55-83% yields
(Scheme 17).

Chen et al.®* reported synthesis of a series of novel tetracyclic
6-amino-9-chloro-11H-indeno[1,2-c]quinoline-11-ones 65, as
potential anticancer agents, through the Pfitzinger synthetic
reaction of isatin (57) and 4-chlorophenyl-acetic acid (62). At
first, a mixture of 57 and 62 was stirred at 200 °C with sodium
acetate to produce 3-(4-chlorophenyl)-2-hydroxy-quinolin-4-
carboxylic acid (63) as a key intermediate. Treatment of 63
with POCl; at 150 °C afforded 6,9-dichloro-11H-indeno[1,2-c]
quinoline-11-one (64), in 30% yield. Reaction of 64 with an
appropriate primary and secondary amines in DMF at 150 °C
gave the corresponding side chain tetracyclic compounds 65 in
18-86% yields (Scheme 18).

2.2. Tetracyclic quinolines with two heteroatoms

2.2.1. Indolo[2,3-b]quinolines. In 2004, Chen's group® re-
ported an efficient synthesis of some 11-substituted-6H-indolo
[2,3-b]quinolines 70a-c, starting from 4-hydroxy-quinolin-2(1H)-
one (66). In this cascade reaction, the hydroxyquinoline 66 was
methylated with Me,SO, in acetone in the presence of K,COj; to
produce 4-methoxy-quinoline-2(1H)-one (67a). Refluxing 66
with aniline or p-anisidine in Ph,0 yielded 4-anilino-quinolin-
2(1H)-one (67b) or its 4-methoxy derivative 67c, respectively.
Heating 67a-c with POCl; at 90 °C afforded the 2-chloro-
quinolines 68a-c. Treatment of 68a-c with 1H-benzo[1,2,3]tri-
azole in ethoxyethanol at reflux temperature gave the corre-
sponding triazoles 69a-c, which underwent decomposition
reaction in polyphosphoric acid (PPA) to afford the respective
tetracyclic indolo[2,3-b]quinolines 70a-c, in 32-56% yields
(Scheme 19). The products exhibited selective cytotoxicities for
K-562, HL-60, RPMI-8226 and MOLT-4.
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Scheme 16 Synthesis of 11-oxo-11H-indenol1,2-blquinoline-6-carboxamides 56.
In 2018, Salman et al.®* have developed a simple and regio- the corresponding triazoles 78 (Scheme 22). However,

selective synthesis of two series of 10H-indolo[3,2-b]quinolines
75 and 6H-indolo[2,3-b]quinolines 76 via palladium catalyzed
Suzuki reaction of 2,3-dihaloquinolines with 2-bromophe-
nylboronic acid, followed by double C-N coupling. The Suzuki
reaction of 2-chloro-3-bromoquinoline (71) and 3-bromo-2-
iodoquinoline (73) with 2-bromophenylboronic acid gave 3-(2-
bromophenyl)-2-chloroquinoline  (72) and 3-bromo-2-(2-
bromophenyl)quinoline (74) in 75 and 60% yield, respectively
(Scheme 20).

The double carbon-nitrogen coupling reaction was per-
formed by heating 72 and 74 with various amines in the pres-
ence of the catalyst tris(dibenzylideneacetone)-dipalladium
[Pd,(dba);] with the base NaO'Bu in toluene at 100 °C to give
the desired 10H-indolo[3,2-b]quinolines 75 and 6H-indolo[2,3-5]
quinoline 76, in moderate to excellent yields (Scheme 21).%

Peczynska-Czoch and his group®®’ have described the
synthesis of 6H-indolo[2,3-b]-quinolines 79 and 84, as novel and
more efficient DNA Topoisomerase I1 inhibitors, via the
methods showed in Schemes 22 and 23. Heating the chlor-
oquinolines 77 with 1H-benzo[1,2,3]triazole at 110-120 °C gave

19876 | RSC Adv, 2020, 10, 19867-19935

compounds 83 were prepared by heating chloroquinoline
derivatives 80 with 4-methyl-3-nitroaniline (81) at 150-160 °C,
followed by the reduction of the NO, group in intermediate 82
and diazotization of the amino obtained (Scheme 23). Subse-
quent decomposition of triazoles 78 and 83 in polyphosphoric
acid (PPA) at 130-180 °C afforded the respective indolo[2,3-5]
quinolines 79 and 84, respectively, in low yields.

Wang et al. and Lu et al.*****? developed an efficient protocol
for the synthesis of a series of 11-chloro-5-methyl-5H-indolo[2,3-
b]quinolines (neocryptolepines) 89 with different substituents
on the quinoline ring, as useful scaffold for the synthesis of
anticancer and antimalaria agents. In this cascade reaction,
various N-methyl-anilines 85 were treated with N-chlor-
osuccinimide (NCS) in CH,Cl, at room temperature, followed by
the addition of methyl 1H-indole-3-carboxylate (86) producing
the corresponding methyl 2-((4-substituted phenyl)(methyl)
amino)indole-3-carboxylates 87. Upon refluxing 87 in diphenyl
ether at 250 °C, it underwent intramolecular cyclization to give
the tetracyclic ketones 88 in 68-98% yields. Chlorination of 88
was carried out in POCl; under reflux conditions to yield the

This journal is © The Royal Society of Chemistry 2020
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Scheme 17 Synthesis of indenol1,2-c]lquinolines 61.
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Scheme 18 Synthesis of 6-amino-9-chloro-11H-indenol[1,2-clquinoline-11-ones 65.

desired 11-chloroneocryptolepines 89 in 67-94% yields, with
high purity (Scheme 24).

Ali et al.*® reported synthesis of highly substituted indolo[2,3-
b]quinolines 92 via metal-free, one-pot annulation reaction of
substituted indoles 90 with 1-(2-tosylaminophenyl)-ketones 91.
The reaction occurs via an activation of C-2 and C-3 of indoles
90 by molecular iodine and Cs,CO3, as a base catalyst, followed
by in situ reaction with 1-(2-tosylamino-phenyl)ketones 91 in

This journal is © The Royal Society of Chemistry 2020

acetonitrile at 90 °C to afford polyfunctionalized indolo[2,3-5]
quinolines 92, in moderate to excellent yields (Scheme 25). In
this reaction, electrophilic addition of iodonium ion to the 3-
position of indoles 90 afforded cation intermediate I. 2-Ami-
nation of I with 91 gives II, which undergoes elimination of one
molecule of HI in the presence of base to furnish III. Subse-
quent alkylation, followed by detosylation of III in the presence
of HCI (12 M) affords 92 (Scheme 25).
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Scheme 20 Chemoselective Suzuki reaction of 2,3-dihaloquinsolines
71 and 73.

In 2015, Pal et al.*” have developed a new one-pot strategy for
the synthesis of novel 11-carboxymethyl substituted 6H-indolo
[2,3-b]quinolines 95, as potential inducers of apoptosis,
involving Pd(u)-catalyzed intramolecular oxidative C3-H alke-
nylation of the indole ring of (E)-alkyl-3-(2-(1H-indol-2-ylamino)
phenyl)acrylates 94 followed by desulfonylation. In the present
study, the starting material 94 was prepared via I,-mediated
addition of sulfonamide derivative 93 to indoles 90. Heating
a mixture of 93 (1 mmol), Pd(OAc), (5 mol%), Cu(OAc), (1.50
mol) and trifluoroacetic acid (TFA) (1.20 mol) in CH;CN at 60 °C
under an aerobic atmosphere for 5-7 h afforded the target tet-
racyclic products 95 in 52-89% yields (Scheme 26). A mecha-
nism for the Pd(u)-catalyzed formation of 95 is outlined in
Scheme 27.

Ghorbani-vVaghei and Malaekehpoor®® described a simple
and one-pot synthesis of novel 6H-indolo[2,3-b]quinolines 98
from the reaction of indole-3-carbaldehyde (96) with various
aryl amines 97, under mild conditions, utilizing N-bromo-
succinimide (NBS) as an efficient catalyst. NBS initially cata-
lyzed the formation of Schiff base I and then a 3-bromo-

19878 | RSC Adv, 2020, 10, 19867-19935

R

P =

NN 140-150°C N” r{@
N=N

70a-c 69a-c

(32-56% yields)

indolinium cation intermediate II. The intermediate II on the
subsequent nucleophilic attack by an another mole of aniline,
followed by intramolecular cyclization and oxidation produces
98. Reaction is outlined in Scheme 28.

A novel and efficient method for the synthesis of 11-
substituted-6H-indolo[2,3-b]quinolines 103 via thermolysis of
the carbodiimide 100, which represents a new way of generating
biradicals from unsaturated molecules having two nitrogen
atoms in the conjugated system, is reported by Wang et al.*
Thus, thermolysis of the carbodiimide 100, having a different
substituents at the acetylenic terminus, in refluxing p-xylene at
138 °C produced 103 in 16-91% yields. Apparently, a two-step
biradical pathway through 101 or a one-step intramolecular
Diels-Alder reaction produced the intermediate 102, which on
subsequent tautomerization under the reaction conditions
affords the final product 103 (Scheme 29). An especially
attractive feature of this synthetic method is the possibility of
placing a wide variety of substituents at different positions of
the 6H-indolo[2,3-b]quinoline structure by selecting suitable
fragments.

On heating 1-(2-alkynyl)phenyl-3-aryl-2-methylisothioureas
104 with [Pd(n*-C3;Hs)-Cl], (5 mol%) in the presence of
Cs,CO; (2 equiv.), CuTC (copper thiophene-carboxylate) (1.1
equiv.) and 1,4-bis(diphenylphosphino)butane (dppb) (0.3
equiv.) in xylene at 130 °C, a wide range of the desired tetracyclic
adduct 6-methyl-indolo[2,3-b]quinolines 105 were obtained in
33-76% yields (Scheme 30).”° Importantly, a variety of electron-
rich aryl groups on the aryl ring (Ar) promoted this process.
However, substrates bearing an electron-withdrawing group
decreased the chemical yields. In fact, the reaction of iso-
thiourea bearing a 3,5-bis(trifluoromethyl)phenyl group affor-
ded no cyclized adduct. Respecting to the substituent (R) on the
alkynyl group, both phenyl and alkyl groups were tolerated
under these reaction conditions. In the suggested reaction
mechanism, the oxidative addition of MeS-C bond to Pd(0),
followed by ligand exchange with CuTC gave the alkenylpalla-
dium complex II. Subsequent nucleophilic attack of the aryl
group to the Pd(u) complex followed by reductive elimination of

This journal is © The Royal Society of Chemistry 2020
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Scheme 22 Synthesis of 6H-indolo[2,3-blquinolines 79.

the resulting Pd-complex provided the tetracyclic product 105
(Scheme 31).

Recently, Patel et al.”* have described an elegant and green
approach for the synthesis of 11-aryl-6H-indolo[2,3-b]quinolines
108 from 2-(phenylethynyl)anilines 106 and aryl isothiocynates
107. The in situ generated o-alkynylthioureas, obtained by
reacting 106 and 107, underwent efficient cascade cyclization in
the presence of Ag,CO3, as the catalyst, in DMSO to give 11-aryl-
6H-indolo[2,3-b]quinolines 108, in 59-83% yields, under
microwave conditions (30 min reaction time at 130 °C, 150 W,
closed vial) (Scheme 32). The authors examined the electronic
effect of substituents R; on the aryl isothiocynates 107, R,
present on the other phenyl ring of 2-(phenylethynyl)anilines
106 and R, substituents present on the amine bearing ring of 2-

This journal is © The Royal Society of Chemistry 2020

(phenylethynyl)anilines 106 on the product yields and they
found that when substituents R, and R; are electron-donating
groups the products were obtained in better yields compared
to electron-withdrawing substituents. On the other hand, R,
substituents showed a trend on the product yields opposite to
that of substituents R, and R;. A plausible reaction mechanism
has been proposed as outlined in Scheme 33. Reaction of 106
and 107 gives thiourea intermediate I, which is desulfurized in
the presence of Ag,CO; to a carbodiimide intermediate II.
Intramolecular cyclization of II formed a carbene-type inter-
mediate III. The latter III undergoes further cyclization via
carbene C-H insertion to afford a non-aromatic tetracyclic
intermediate IV, which is aromatized to furnish the desired
tetracyclic product 108.

RSC Adv, 2020, 10, 19867-19935 | 19879
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Scheme 24 Synthesis of 11-chloroneocryptolepines 89.

In 2019, Kundal et al.”* reported a novel, general and efficient
method for the synthesis of diversely substituted indolo[2,3-b]
quinolines 111 through a two-step domino reaction. First, the
starting 3-indolines 110 were prepared by Pd-catalyzed domino
Heck-Suzuki coupling of 2-bromo-N-propargylanilides 109 with
aryl boronic acids (Scheme 34). Next, when the 3-indolines 110
were subjected to the oxidative cross-dehydrogenative coupling
(CDC) between allylic C sp*~H of the indoline ring and the free
NH, group in the presence of 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ) (2 equiv.) in CH,Cl, at room tempera-
ture, the fused tetracyclic indolo[2,3-b]quinolines 111 were
produced in quantitative yields within one hour (Scheme 34).
Gratifyingly, it was found that there was no significant elec-
tronic effect of the substituent on the aryl ring on the olefinic
motif during the formation of C-N bond. DDQ has been proven
as an efficient metal-free oxidant for CDC reactions of C-C bond
formation reactions, but the formation of the C-N bond via
DDQ-mediated cross-dehydrogenative coupling (CDC) has been
relatively rare. Therefore, this strategy for the preparation of

19880 | RSC Adv, 2020, 10, 19867-19935

indolo[2,3-b]quinolines 111 should be very attractive in the
modern context of organic chemistry research. A plausible
mechanism for the DDQ-mediated oxidative C-H amination is
outlined in Scheme 35.

Anovel and divergent approach for the synthesis of 5-methyl-
5H-indolo[2,3-b]quinoline alkaloid cryptotackieine 127 was re-
ported.” The reaction was performed in eight steps, starting
from (2-nitrobenzyl)triphenylphosphonium bromide (117).
First, condensation of 117 with o-azidobenzaldehyde (118) in
the presence of anhydrous K,CO; and catalytic amounts of
dibenzo-18-crown-6 gave the 1-azido-2-(2-nitrostyryl)benzene
(119). Staudinger reaction between the azide 119 and
triphenylphosphine in dry CH,Cl, at room temperature for 5 h
followed by hydrolysis of the resulting iminophosphorane 120
provided the 2-(2-nitrostyryl)aniline (121). One-pot conversion
of 121 into the 3-(2-nitrophenyl)quinoline-2(1H)-one (123) was
performed by sequential treatment with bis(trichloromethyl)
carbonate (triphosgene) and further microwave-promoted
cyclization of the resulting 1-isocyanate-2-(2-nitrostyryl)-
benzene (122). Conversion of the quinoline 123 into 1-
methylquinoline-2-one 126 was performed by the three-step
sequence: (i) methylation with CHI in DMF at 60 °C for 2 h
to give 1-methyl-3-(2-nitrophenyl)quinoline-2(1H)-one (124); (ii)
reduction of the nitro group in 124 with H, in the presence of
Pd/c (10%) in EtOH at room temperature for 5 h to give 3-(2-
amiophenyl)-1-methyl-quinoline-2(1H)-one (125) and (iii) diaz-
otization followed by the reaction with NaN; furnished 3-(2-
azidophenyl)-1-methyl-quinoline-2(1H)-one (126). Finally, when
a solution of the iminophosphorane derived from 126 and Me;P
in nitrobenzene was heated under microwave irradiation at
180 °C for 30 min, the required 5-methyl-5H-indolo-[2,3-b]
quinoline (127) was obtained in 40% yield (Scheme 36). The
conversion of 126 into 127 represents the first example of an
intramolecular aza-Wittig reaction involving a 2-pyridone
carbonyls group.

A new, efficient and four-step formal synthesis of alkaloid
cryptotackiene 127, a linear 5-N-methyl-5H-indolo[2,3-5]

This journal is © The Royal Society of Chemistry 2020
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Scheme 25 Molecular iodine catalyzed synthesis of polyfunctionalized indolo[2,3-b]-quinolines 92.

quinoline alkaloid, isolated from the West African shrub Cryp-
tolepis sanguinolenta, is reported.” It should be noted that the
cryptotackiene has been reported to display strong anti-
plasmodial activity. First, the starting 3-bis[(methylsulfanyl)-
methylene]-2-oxindole (128) was subjected to conjugate

addition with cyclohexanone (129) in DMF in the presence of
NaH to afford the required 3-[(methylthio)(2-oxocyclohexyl)-
methylene]indolin-2-one (130). Heterocyclization of the latter
adduct 130 was performed by heating with AcONH, in dry
DMSO in the presence of 4 A molecular sieves at 120-130 °C for

CO,R;5
Ra
R NHTs RO.C Ro
52
o \ R
I, (1.2 equiv.) X4
* - mN\ Ra
X Cs,CO5 (1.5 equiv.) X; N\ SO,Rs
N CHsCN/1t6-8 h R,

X5 N 94

90 Ry

Pd(OAc), (5 mol%)
Cu(OAc), (1.50 mol)
TFA (1.20 mol)
CH3CN /60°C /5-7 h

Ry R,

95 (52-89% yields)
22 examples

Scheme 26 Pd-mediated synthesis of 11-carboxymethyl substituted 6H-indolo[2,3-b]-quinolines 95.
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Scheme 28 NBS catalyzed synthesis of novel indolo[2,3-b]quinolines 98.
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Scheme 29 Synthesis of 6H-indolo[2,3-b]quinolines 103 via thermolysis of N-[2-(1-alkynyl)-phenyl]-N-phenylcarbodiimides 100.

R
=
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/CHS
/k\ Ar dppb (0.3 equiv.) / xylene / 130°C
H4CS N~
104

R X
Y
0
/
N CuTC (1.1 equiv.) /Cs,CO5 (2 equiv.) NN z
CH,

105 (33-76% yields)

105 R X Y z
a 4-Me-CgHy H Me H
b 4-OMe-CgHg4 H OMe H
C 4-NMe,-CgHgy H NMe, H
d 4-Cl-CgHy H Cl H
e 4-CN-CgHa H CN H
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g 3-OMe-CgHgy OMe H H
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Scheme 30 Synthesis of 6-methyl-indolo[2,3-b]lquinolines 105 by Pd-catalyzed annulation of unsaturated isothioureas.

12 h to give the 11-(methylthio)-2,3,4,6-tetrahydro-1H-indolo
[2,3-b]quinoline (131). Dethiomethylation of 131 with Raney Ni
in EtOH at reflux temperature for 6 h gave 2,3,4,6-tetrahydro-1H-
indolo[2,3-b]quinoline (132). Subsequent dehydrogenation of
132 with DDQ in refluxing 1,4-dioxane furnished the requested
6H-indolo[2,3-b]quinoline (133) in 88% yield (Scheme 37).
Finally, indoloquinoline 133 was converted into 5-methyl-5H-
indolo[2,3-b]quinoline (cryptotackiene) (127) by heating with
dimethylsulfate in toluene in sealed tube at 150-160 °C.
Compound 127 was found to be identical in all respects with the

/k\N,Ar

104

NS
MeS MeS—Pd "N~
I

Scheme 31

This journal is © The Royal Society of Chemistry 2020

Ri_Pd
R1 R1 ~
// // / SMe
"pg" \
N/CHS N/CH3 N \Ar
\
J\ Ar CHs

one prepared by heating 133 with methyl iodide in EtOH in
closed glass tube at 100 °C (Scheme 37).

Vanelle et al.” have reported an original, rapid and easy two-
step synthesis of new substituted indolo[2,3-b]quinolines based
on TDAE strategy from reaction between 1-methylisatin (134)
and substituted o-nitrobenzyl chlorides 135 followed by a one-
pot reduction-intramolecular cyclization-double-dehydration
reaction. First, reaction of 134 (3 equiv.) with 135 in DMF in
the presence of TDAE at —20 °C for 1 h gave the corresponding
o-hydroxy lactame 136 (Scheme 38). Reduction of the nitro
aromatic group in 136 with iron in AcOH acid at 110 °C for 48 h

Ry X
Y
9 1
'}l N7 z
CHj 105
I

A suggested mechanism for the Pd-catalyzed formation of 6-methyl-indolo[2,3-b]quinolines 105.

RSC Adv, 2020, 10, 19867-19935 | 19883


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra02786c

Open Access Article. Published on 27 May 2020. Downloaded on 9/28/2024 4:21:43 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

View Article Online

RSC Advances Review
-S
G Rz N”C/ e Re
R
P 1
Z4
A92CO3 @ =
R1 + R3 ~ R3
NH, DMSO / MW H N
106 107 130°C / 30 min.
108 (59-83% yields)
108 R4 Rz R3 R4 Rz R3
a H 4-Me 2-Me h 9-Me H 2-F
b H 4-OMe 2-Me i 9-F H 2-Me
c H 4-Me 2-F j 9-F H 2-F
d H 4-OMe 2-F k 9-Me 4-Me H
e H 4F 2-Me I 9-F 4F H
f H 4-F 2-F m 9-Me 4-Me 2-Me
g 9-Me H 2-Me n 9-F 4-F 2-F
Scheme 32 A green method for the synthesis of 11-aryl-6H-indolo[2,3-b]lquinolines 108 under microwave heating.
gave the desired 6-methyl-6H-indolo[2,3-b]quinolines 139in 33— 3 h, the corresponding Wittig product, namely 3-(2-

65% yields (Scheme 38). The latter step involves the nucleo-
philic attack of NH, group on lactam C=O group in interme-
diate 137, followed by the acid-promoted double dehydration of
the resulting 5a,6,10b,11-tetrahydro-6-methyl-5H-indolo[2,3-5]
quinoline-5a,10b-diols intermediate 138 (Scheme 38).

A convenient, short and high yielding approach for the
synthesis of 6H-indolo[2,3-b]quinoline (145) is described
utilizing Wittig reaction and one-pot reduction-cyclization—
dehydration method as the key steps.”” By condensation of
isatin (57) with (2-nitrobenzyl)-triphenylphosphonium bromide
(140) in CHCl; in the presence of Et;N at room temperature for

Scheme 33 Proposed mechanistic pathway.

19884 | RSC Adv, 2020, 10, 19867-19935

nitrobenzylidene)indolin-2-one (141), was formed. Reduction of
141 with Fe/AcOH in the presence of a catalytic amount of HCI
at 120 °C for 24 h gave 6H-indolo[2,3-b]quinoline (145) in 77%
yield (Scheme 39). In the last step, reduction of NO, group fol-
lowed by isomerization of C-C double bond, cyclization and
then dehydration took place in one-pot to afford the aromatized
tetracyclic product 145 through intermediates 142-144.

A facile synthesis of 6H-indolo[2,3-b]quinolines 145 utilizing
a Perkin reaction followed by a one-pot double reduction,
double cyclization and isomerization has been reported by Tilve
et al.”” Condensation of o-nitrobenzaldehyde (146) with o-

This journal is © The Royal Society of Chemistry 2020
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Scheme 34 Synthesis of indolo[2,3-b]quinolines 111 via Heck—Suzuki coupling and DDQ-mediated C—H amination.

nitrophenyl-acetic acid (147) in the presence of Ac,O and Et;N had happened in a tandem manner, that is, reduction of both
under reflux for 5 h afforded the corresponding 2,3-bis(2- the NO, groups, cyclization, isomerization of the intermediate
nitrophenyl)acrylic acid (148), which on esterification gave the E-amide to the Z-amide followed by a second cyclization.

ester 149. Reduction of 149 with Fe/AcOH in presence of HCI at An easy and one-pot procedure for the synthesis of a series of
120 °C for 24 h furnished the required 6H-indolo[2,3-b]quino- novel 6H-indolo[2,3-b]quinolines 150 with different substitu-
line (145) in 74% yield (Scheme 40). In this step, four reactions ents on quinoline ring was reported by Parvatkar et al.”® This
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Scheme 35 A suggested mechanism for the DDQ-mediated oxidative C—H cycloamination.
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Scheme 37 A four-step formal synthesis of 5-methsyl-5H-indolo[2,3-b]quinoline (127).
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Scheme 38 Synthesis of 6-methyl-6H-indolo[2,3-b]quinolines 139 via one-pot reduction—cyclization—dehydration reactions of a-hydroxy
lactams 136.

synthetic  method involves refluxing of indole-3- 45% yields (Scheme 41). A suggested mechanism for the

carboxyaldehyde (96) (1 equiv.) with aryl amines 97 (2 equiv.) formation of 150 is given in Scheme 42.

in diphenyl ether in the presence of a catalytic amount of I, (0.1 In 2010, Haddadin and his co-workers” have described

equiv.) for 12 h to afford 6H-indolo[2,3-b]quinolines 150 in 38- a highly efficient, easy and three-step protocol for the synthesis
of biologically active 6H-indolo[2,3-b]quinolines 162. An

Fe /HCI/ AcOH

(:E@Z @(\Pphs BY CHCI3 I EtzN
NO, stir. /rt/ 3h stir. at 120°C /24 h

140

R
— Q|-
—
N
H R
Ho144

10
NN

H
145 (77% yield)

Scheme 39 A short and convenient method for the synthesis of 6H-indolo[2,3-b]quinoline (145).
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Scheme 40 A new synthesis of 6H-indolo[2,3-b]quinolines 145.

CHO NH,
I (0.1 equiv) O =z
N Ph,O /reflux 12 h H N
\
9% H g7 R

150 (38-45% yields)
R = H; 2-CHj; 3-CHg; 4-CHjy; 3-Br

Scheme 41 A novel and one-pot synthesis of different 6H-indolo[2,3-b]lquinolines 150 using I, as a catalyst.

optimized route to 162 is outlined in Scheme 43. Condensation
of o-aminobenzaldehydes 158 with o-nitroaryl acetonitriles 159
in refluxing methanolic KOH afforded a series of novel 2-amino-
3-(2-nitroaryl)quinolines 160. Reduction of 160 with Zn/AcOH
afforded the corresponding 3-(2-aminoaryl)quinolin-2-amines
161. Diazotization of 161 followed by intramolecular cycliza-
tion under acidic conditions gave the desired tetracyclic 6H-
indolo- [2,3-b]quinolines 162 in 54-79% yields (Scheme 43).

A convenient method for preparation of 6H-indolo[2,3-5]
quinolines 150 utilizing ruthenium-exchanged FAU-Y zeolite
(Ruy) as a recyclable heterogeneous catalyst is reported.*
Reaction of indole-3-carbaldehyde (96) (1 equiv.) with aryl
amines 97 (1 equiv.) in refluxing dioxane in the presence of Ru**
exchanged FAU-Y zeolite (RuY, 0.1 g, activated at 550 °C for 3 h)
for 4-6 h gave 6H-indolo[2,3-b]quinolines 150 in 50-65% iso-
lated yields (Scheme 44). A mechanism for the RuY catalyzed
formation of the 6H-indolo[2,3-b]-quinolines 150 is outlined in
Scheme 45.

Seidel et al.®* have described a new acid-catalyzed indole
annulation with secondary aminobenzaldehydes 163 for the
rapid and one-step synthesis of neocryptolepine and various
analogues, a bioactive materials as promising lead for new
antimalarial agents. Condensation of 163 with indoles 164
in the presence of one equivalent of para-toluene sulfonic
acid (p-TSA) in EtOH under reflux gave neocryptolepine
analogues (5-methyl-5H-indolo[2,3-b]-quinolines) 165 in 56-
77% yields (Scheme 46). Condensation of 163 with 164 is
expected to form azafulvenium ion 166 which undergoes

19888 | RSC Adv, 2020, 10, 19867-19935

direct ring-closure to furnish 167. Subsequent oxidation of
167 completes the synthesis of the desired products 165
(Scheme 47). Interestingly, the oxidized products 165 were
obtained directly and the putative intermediate 167 was not
isolated, presumably because it undergoes facile oxidation
by air.

A simple and concise two-step approach for the synthesis of
6H-indolo[2,3-b]-quinolines 171 is reported using an alkylation of
1H-indoles 164 at its more reactive 3-position and domino
reduction-intramolecular cyclization-aromatization approach.®
Alkylation of indoles 164 was performed using 2-nitrobenzyl
bromide (168) in the presence of methylmagnesium bromide
(MeMgBr), as the base, in a mixture of acetone-H,O (4 : 1) at 80 °C
for 40 h to yield 3-(2-nitrobenzyl)}-1H-indoles 169. Reductive
cyclization of 169 with triphenylphosphine in refluxing diphenyl
ether for 4-6 h provided the tetracyclic compound 170, which
underwent oxidation followed by aromatization under reaction
conditions to give the desired products 171 in 55-63% yields
(Scheme 48). A suggested mechanism for the formation of 171 is
depicted in Scheme 49.

An efficient and straightforward synthesis of 6H-indolo[2,3-
b]quinolines 173 in one-pot by alkylation-dehydration-cycliza-
tion-aromatization method utilizing pivalic acid with indoles
164 and o-aminobenzaldehyde (172) is described by Kadam and
Tilve.®® Thus, refluxing 164 with 172 in the presence of pivalic
acid in Ph,O for 6 h gave the tetracyclic 6H-indolo[2,3-b]quin-
olines 173 (Scheme 50). In the proposed reaction mechanism,
the alkylation of 164 with 172, followed by dehydration and

This journal is © The Royal Society of Chemistry 2020
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Rs Rs 161

162 (54-79% yields)

Scheme 43 Route toward the synthesis of 162.

cyclization gives dihydroindolo-quinoline intermediate 178,
which oxidizes under reaction conditions to furnish the final
product indoloquinolines 173 (Scheme 51).

A facile and iron-mediated synthesis of 6H-indolo[2,3-B]
quinolines 180 by reaction of 2-amino-a-phenylbenzene meth-
anol 179 and various indoles 90 was developed by Wang et al.?*

This journal is © The Royal Society of Chemistry 2020 RSC Adv, 2020, 10, 19867-19935 | 19889
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Scheme 44 RuY catalyzed synthesis of 6H-indolo[2,3-b]lquinolines 150.
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Scheme 45 Proposed mechanistic pathway for the RuY catalyzed formation of 6H-indolo- [2,3-b]lquinoline 150.
This synthetic approach proceeded by heating a mixture of 179 have been prepared through a new approach in 34-83% yields.

(1.5 equiv.), 90 (1 equiv.) and FeCl; (2.5 equiv.) in MeOH at 80 °C  When the metal salt was replaced with FeCl, or absent, the
for 2 h (Scheme 52). In the present study, the target products desired products 180 were not obtained. This indicated that
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Scheme 47 Proposed synthesis of 5-methyl-5H-indolo[2,3-blquinolines 165.

FeCl; played the role of an oxidant in the process of reaction
rather than the function of catalysis. The authors also studied
the influence of electronic effects on these reactions. The
indoles bearing electron-withdrawing groups (EWG) on the

benzene ring (R,) seemed to be less efficient than electron-
donating groups (EDG) and resulted in low yields. A mecha-
nism for the iron-promoted synthesis of 6H-indolo[2,3-b]
quinolines 180 is proposed as shown in Scheme 53. Firstly,

&)

D Y e O s
H O,N o Acetoone:HZO (4:1) H
164 80°C/40h 169
reductlve PPh3 / Phy,O
cycllzatlon reflux 4-6 h
N
H H
171a, R = H (63% yield) 170

b, R = 9-OMe (60% yield)

¢, R = 8-Cl (55 % yield)

Scheme 48 A concise synthesis of 6H-indolo[2,3-b]quinolines 171.
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Scheme 49 Proposed mechanism for the formation of 6H-indolo([2,3-b]lquinolines 171.

HoN

172

R
(CH3)3CCOzH Q AN
L

Ph,O / reflux 6 h

N
173a, R = H (56% yield)
b, R = OCHj (54% yield)

N
H

Scheme 50 A pivalic-acid assisted one-pot alkylation—dehydration—cyclization—aromatization method for the synthesis of 6H-indolo[2,3-b]

quinolines 173.

HaN
HO,
Q H
+ ®/
\) HoN N\)
N: 172

174 H

164

HoN
173 -2 R ) .@ ;/’\j I ) .@ i/
y WD i
H H
178

Scheme 51

FeCl; may activate 179 to give intermediate I, which undergoes
the Friedel-Crafts reaction to furnish intermediate II. The
latter intermediate II undergoes intramolecular cyclization to
afford intermediate III, which subsequently undergoes
deprotonation and oxidation by FeCl; to afford the desired
product 180.

In 2016, Shi and Wang®® have developed an environmentally
friendly and efficient Rh(m)-catalyzed synthetic approach for
6H-indolo[2,3-b]quinolines 182 from various indoles 90 and
benzol[cJisoxazole (181) using H,O as an efficient solvent. This
annulation procedure undergoes tandem C-H activation,

19892 | RSC Adv, 2020, 10, 19867-19935

HaN

HO‘>

175

-HO

177 176

A plausible mechanism for the synthesis of 6H-indolo[2,3-b]quinolines 173.

cyclization, and condensation steps. The reaction was carried
out by reacting 1-(pyridin-2-yl)-1H-indoles 90 (1.0 equiv.) with
181 (1.5 equiv.) in the presence of a catalytic amount of
[CP*RhCL,], (5 mol%), AgSbFs (20 mol%) and AcONa (0.4
equiv.) in H,O at 100 °C under Ar atmosphere for 12 h. The
methodology furnished the desired tetracyclic 182 in 59-94%
yields (Scheme 54). A control experiment showed that both
[Cp*RhCl,], and AgSbF, were essential catalyst system for this
transformation as their omission led to no formation of tetra-
cyclic product 182. In this work, the authors investigated the
effect of additives in the present reaction and they have noted

This journal is © The Royal Society of Chemistry 2020
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Scheme 53 Postulated mechanism for the construction of indolo[2,3-
blquinolines 180 from 179 and 90.

that the use of AcONa gave the best result as the yields of
products 182 were increased. The mechanistic pathway for the
reaction of 90 with 181, using Rh(m) as a catalyst, is outlined in
Scheme 55. First, indoles 90 reacted with Cp*Rh(u) via directed

MeOH /80°C /2 h

180 (34-83% yields)

180a, R; = Me; R, = H
b, Ry=Bn;R,=H
c,Ry=H;R,=H
d, Ry = H; R, = 10-Me
e, Ry =H; R, = 9-OMe
f, Ri=H; R, =8-F
g,R1=H; Ry, =9-Br
h, Ry = H; R, = 10-CO,Me

Iron-promoted synthesis of 6H-indolo[2,3-b]quinolines 180 from the reaction of 179 with different indoles 90.

C-H cleavage to give intermediate I. The coordination of 181 to I
yields intermediate II. Subsequently, the migration insertion of
the coordinated 181 into the Rh~C bond gives intermediate IIIL.
Protonation of III provides the further intermediate IV and
releases the Rh(ui) species for the next catalytic cycle. Finally,
the latter intermediate IV undergoes intramolecular cyclization
via elimination of one molecule of H,O to afford the final
product 182.

Yin et al®® developed a facile and efficient method for the
synthesis of 6-substituted 6H-indolo[2,3-b]quinolines 185 from
isoindigo derivatives 184, prepared from isatins 57 and indolin-
2-ones 183, in the presence of SnCl,, in combination with
AcOH/HCI under heating at 120 °C for 12-24 h in moderate
yields (60-74% yields) (Scheme 56). Pyrrole and pyridine rings
are synchronously constructed in one-pot for these tetracyclic
products. A possible reaction mechanism for the formation of
185 is presented as shown in Scheme 57. First, reduction of the
carbon-carbon double bond in 184 by SnCl, in an acid medium
affords the saturated 1,4-diketone intermediate 185. Hydrolysis
of the amide bond of 185, followed by a decarboxylation yields
the further intermediate 187. Subsequent intramolecular
cyclization/aromatization furnishes the target tetracyclic mole-
cule 185 via intermediate 188.

In 2017, Challa et al® reported an efficient metal-free
method for the synthesis of indolo[2,3-b]quinolines 190 under

[CP*RhCl,], (5 mol %)

AgSbFg (20 mol %)
AcONa (0.4 equiv.)

N \N/

90  py 181

H,O (2 mL)/100°C /12 h
Ar atmosphere

182 (59-94% yields)
22 examples

Scheme 54 Rh(i)-catalyzed C—H amination/annulation of substituted indole derivatives 90 with 181.
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[Cp*Rh(IIN]?* -H

-H,0 / N

g

S !
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Z
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S Ral
/ N
Pp
/ \

DDQ-mediated oxidative conditions from the easily accessible temperature for <5 min using DCM or DMF as the solvent
3,3'-diindolylmethanes (DIMs). Treatment of 3,3’-diindolylphe- afforded the desired indolo[2,3-b]quinolines 190 in 51-100%
nylmethanes (DIPMs) 189 with DDQ (3 equiv.) at room yields (Scheme 58).

Scheme 55 Plausible catalytic cycle.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.
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N N EtOH / reflux 8-12 h
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s
| R1

185 (60-74% yields)
18 examples

Scheme 56 Synthesis of 6-substituted-6H-indolo[2,3-b]lquinolines 185 from isoindigo derivatives 184 in the presence of SnCl, in acidic media.

19894 | RSC Adv, 2020, 10, 19867-19935 This journal is © The Royal Society of Chemistry 2020


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra02786c

Open Access Article. Published on 27 May 2020. Downloaded on 9/28/2024 4:21:43 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

View Article Online

Review RSC Advances

@
SnCl,.2H,0 H/HO
AcOH / HCI hydrolysis
reduction

decarboxylation
-CO,

O |\ 0, O | O -Hy0

N N aromatization /N N cyclization

/ \
R 185 R 458 187 R

Scheme 57 A possible reaction mechanism for the formation of 6-substituted-6H-indolo-[2,3-blquinolines 185.

DDQ (3 equiv.)

DMF or DCM
rt/< 5 min X

190 (51-100% yields)

R4y =H, Cl, Br, I, OMe, CN, CO,Me, OBn
R2 & H, OMe
X =H, Me, Ph

Scheme 58 Scope of DDQ-mediated intramolecular C2—N bond formation for the synthesis of indolo[2,3-blquinolines 190.

A clean and expeditious microwave-mediated one-pot provide different linear 6H-indolo[2,3-b]quinolines 98 in good
methodology for the synthesis of a series of 6H-indolo[2,3-b] yields (52-61% yields) (Scheme 59). Aryl amines containing
quinolines 98 using eco- and user-friendly bismuth-nitrate electron-withdrawing or electron-donating groups and hetero-
[Bi(NO3);-5H,0] as a catalyst under mild reaction conditions aryl moiety are compatible with these reaction conditions
is reported.®® A mixture of indole-3-carboxyaldehyde 96 (1 yielding the desired tetracyclic products in good yields within
equiv.), aryl amines 97 (2 equiv.) and Bi(NOj3);-5H,0 (10 mol%, short period of time. In contrast to all available approaches, this
0.1 equiv.) in tightly sealed vessel under solvent-free condition is the fastest method reported so far for the synthesis of linear
were irradiated in microwave at 60 °C (300 W) for 3-5 min to indolo[2,3-b]quinolines. A proposed mechanism for the Bi(m)-

CHO Bi(NO3)3.5H,0

ou i (s
+  ArNH, | e R
N o7 MW / 60°C / 300 W N~

gl'é 3-5 min. H

98a, R = H (61% yield)
b, R = 2-Me (55% yield)
¢, R =3-Me (54 % yield)
d, R = 4-Me (56% yield)
e, R = 3-Br (58% yield),

Scheme 59 Microwave-mediated Bi(NOsz)s-catalyzed synthesis of indolo[2,3-b]lquinolines 98.
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Scheme 60 Plausible reaction mechanism for Bi(in)-catalyzed synthesis of indolo[2,3-b]-quinolines 98 through activation of the in situ formed

imine.

catalyzed for the formation of the indolo[2,3-b]quinolines 98 is
given in Scheme 60.

2.2.2. Indolo[3,2-c]quinolines. The synthesis and cytotoxic
activity evaluation of 5,11-dihydro-6H-indolo[3,2-c]quinolin-6-
ones 193 were reported by Chen and his co-workers® in 2002.
The starting 4-hydrazinoquinolin-2(1H)-ones 191 were synthe-
sized by refluxing 4-hydroxy-quinolin-2(1H)-ones 66 with
hydrazine hydrate in ethoxyethanol as a solvent. Stirring 191
with cyclohexanone (129) in glacial AcOH at room temperature
afforded the corresponding hydrazones 192. The thermal
Fischer indolization of 192 followed by the dehydrogenation

OH
R SN NoHg4.H,0 / reflux 48 h
N~ Yo Ethoxyethanol le)
H
66

NH
/
0" °N
H

1) Ph,O / 250°C / 30 min

2) Pd/C (10%) / 250°C / 3 h

gave the fused heterocyclic compounds 193, in good yields
(Scheme 61).

Molina et al.*® have developed a new, simple and general
methodology for the synthesis of indolo[3,2-c]quinolines 197-
199, bearing an amino, oxygen, or a sulfur atom at the 5-posi-
tion. This approach based on the aza-Wittig type reaction of
iminophosphoranes with hetero-cumulenes to afford the 2-
azahexatriene moiety containing a cumulated double bond at
one end and the C=C bond of the pyrrole ring at the other,
which subsequently underwent ring closure to give the fused
tetracyclic products 197-199. Thus, iminophosphorane 195,
which was obtained from 2-(c-aminophenyl)indole (194) and

NHNH,
R 129 -z R
AcOH /rt/ 36 h O N
192

193a, R = H (82% yield)
b, R = CI (82% yield)

Scheme 61 Synthesis of 5,11-dihydro-6H-indolo[3,2-c]quinolin-6-ones 193.
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195 196 R R
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CO, or CS,
toluene / 90°C /12 h EtOH

-R-NCO

reflux /12 h

198a, X = O (83% yield)
b, X = S (94% yield)

199a, R = 3-Me-CgH, (78% yield)
b, R = 4-Me-CgH, (85% yield)
¢, R = 3-OMe-CgH, (89% yield)
d, R = 4-OMe-CgHy (91% yield)

Scheme 62 A new methodology for the synthesis of indolo[3,2-c]quinolines 197-199.

triphenylphosphine dibromide, reacted with aromatic isocya- (Scheme 62). The compounds 197 when heated in EtOH at
nates, (1 : 2) molar ratio, in dry CH,Cl, at room temperature for reflux temperature for 12 h, they underwent elimination of the
12 h to afford the new tetracyclic 5-[N-aryl-N(arylcarbamoyl)]- isocyanate to give 5-arylamino-11H-indolo[3,2-c]quinolines 199
amino-11H-indolo[3,2-c]quinolines 197 in 79-96% yields in 78-91% yields (Scheme 62). The authors believed that the

HoN
Ar.
(e}

/
~ Pd(PhsP)s / K,COs {
+ Arl + co Q
NHCOCF, 201 MeCN / 50°C / 24 h N
200 NHCOCF;

202

MeOH / H,0 (95:5)
KoCO3/80°C/1h

X
9@
N Ar

203 (35-86% yields)

Ar = Ph; 4-OMe-CgHy; 4-MeCO-CgHy;
3-Me-CgHy; 4-F-CgHy; 3-CF3-CgHg;
4-Me,3-N02-CsH3; 4-OH,3-MG-CGH3;
2,4-Me,-CgHs; 4-MeCONH-CgH,

Scheme 63 A one-pot procedure for the synthesis of 6-aryl-11H-indolo[3,2-c]quinolines 203.
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